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Description 

[0001] The invention is in the field of the packaging 
industry and relates to a thermoformable foam sheeting 
according to the generic part of the first independent 
claim, which sheeting consists of a thermoformable and 
expandable foam material or contains at least one layer 
of such a material. 

[0002] Open containers, such as e.g. trays or cups of- 
ten used for packaging and/or for consuming food stuffs 
are usually produced by drawing or deep drawing a 
piece of flat sheeting made of a thermoformable plastic 
material. Such open containers have a bottom wall and 
a side wall or side walls. The sheeting is usually ther- 
moformed between a pair of forming tools, i.e. between 
a female tool with a recess over which the preheated 
sheeting is positioned and a male tool movable into the 
recess of the female tool thereby drawing the sheeting. 
[0003] The use of a sheeting consisting of a foamed 
material or containing at least one layer of a foamed ma- 
terial is advantageous for making such containers be- 
cause a foam sheet or a container made of such a sheet 
unit is usually stiffer than the corresponding solid mate- 
rial with the same weight per area. Sheeting and con- 
tainers consisting at least partly of foamed material are 
opaque. The containers need a minimum mechanical 
strength according to their application and they are the 
better accepted, the more homogeneous their opaque- 
ness and the smoother and shinier their surface is. 
[0004] A further advantage of producing the open 
containers of a sheeting which consists of a foamed ma- 
terial or contains at least one layer of such a material, 
is the possibility of expanding specific parts of the con- 
tainer walls by applying a reduced pressure to the foam 
when it is in a thermoformable state, whereby the gas 
trapped in the foam expands, and by cooling down the 
foam when still under reduced pressure. Such process- 
es are described e.g. in the publications US-3846526 or 
JP-601 9261 5. Furthermore, a method and an apparatus 
for drawing and expanding foam sheeting to form open 
containers is described in a co-pending application 
(same filing date as the present application). 
[0005] According to the co-pending application the 
containers are formed with the help of a male tool mov- 
ing into the recess of a female tool and thereby drawing 
the preheated sheeting positioned over the recess of the 
female tool. During the movement of the male tool the 
pressure on at least one side of the sheeting is reduced 
such that it reaches a value (expansion pressure) below 
ambient pressure which is low enough for expanding the 
foam material when the male tool reaches its end posi- 
tion or immediately afterwards. The tools are then kept 
in the end position and expansion pressure is main- 
tained until the sheeting has cooled down to a temper- 
ature below its plastication temperature. Then the 
formed container is demolded. Before the moving male 
tool contacts the preheated sheeting, the sheeting may 
be prestretched by applying a pressure difference to it 



(lower pressure on the female tool side). Such pre- 
stretching is preferable in particular when producing 
containers by deep drawing (drawing ratio > 1) and/or 
containers with a difficult shape (not round bottom wall, 
5 steep side walls). 

[0006] With the method described in the last para- 
graph and using tools which have, for removing air from 
between the sheeting and the tool surface, a pattern of 
openings on at least those parts of their surface which 
are to form the side walls of the container (as described 
in a further co-pending application with the same appli- 
cation date as the present application), it is possible to 
produce in a minimum cycle time from a sheeting at least 
partly consisting of foamed material, open containers 
with a wall thickness and wall density which are primarily 
determined by the mechanical properties the container 
is to have. This means that the container wall may have, 
according to the degree of drawing and of expansion a 
varying thickness and in particular a varying density. 
[0007] Using known sheetings consisting of or con- 
taining e.g. polystyrene or polypropylene foam for pro- 
ducing open containers according to the above de- 
scribed method, may create problems in that on the pro- 
duced containers areas of varying degree of drawing 
and/or expansion show optically or even lead to me- 
chanical faults which happens in particular when the cy- 
cle time is short and/or the drawing ratio is high or the 
shape of the container is difficult, as are e.g. container 
shapes with a non-round bottom wall and/or with very 
steep side walls. 

[0008] It is therefore the object of the invention to cre- 
ate a sheeting consisting of a foamed material or con- 
taining at least one layer of a foamed material which 
sheeting has good drawing characteristics and an 
opaqueness which varies little with density such that the 
sheeting can be processed using the method of the co- 
pending application in particular with very short cycle 
times and with high drawing ratios and difficult container 
shapes resulting in containers which are mechanically 
and estheticly of good quality. In addition, the sheeting 
as well as the containers made from the sheeting are to 
be easily recyclable and compatible with food stuffs of 
a variety as wide as possible (solid and liquid, hot and 
cold etc.). 

[0009] This object is achieved by the sheeting as de- 
fined by the claims. 

[0010] For fulfilling the condition of the recyclability 
and the food compatibility, the inventive sheeting con- 
sists basically of polypropylene. This means it consists 
fully of a polypropylene foam or contains at least one 
layer of polypropylene foam and contains a further layer 
or further layers e.g. of solid polypropylene or of other 
termoformable materials, e.g. barrier materials. 
[0011] The opaqueness of a plastic foam material is 
due to light scattering on the cell walls. The finer the 
arrangement of these cell walls is, the more times light 
falling into the material is scattered and the more 
opaque does the material appear. It is found that the fin- 
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er the arrangement of the cell walls, the less does the 
appearance of the material change when drawn and/or 
expanded to quite a high degree. It is found also that the 
finer the arrangement of the cell walls the better are the 
drawing characteristics of the foam. This is due to the 5 
fact, that the occurrence of cells which are large enough 
for locally changing the drawability of the foam to a con- 
siderable degree and for being torn open upon drawing; 
gets more probable as the cell size increases, i.e. as the 
fineness of the cell wall structure decreases. 10 
[0012] The measure for the fineness of the cell wall 
structure in a plastic foam material is the cell number 
(cells per mm 3 ). It is found that sheetings with polypro- 
pylene foams having a cell number which is higher than 
300 cells per mm 3 and processed in the method accord- 15 
ing to the co-pending application give good quality con- 
tainers for a relatively low drawing ratio (container depth 
divided by diameter of opening: between 0.5 and 1 , de- 
pending on container shape and expansion ratio). 
Sheeting with polypropylene foam with a cell number of 20 
up to 3000 cells per mm 3 gives good quality containers 
for drawing ratios of 0.8 to 1 .5 (depending on container 
shape and expansion ratio). For the production of con- 
tainers such as cups and trays for packaging and/or con- [0019] 
suming food stuffs in a drawing process as described in 25 
the co-pending application, sheeting with polypropylene 
foam having a cell number of 800 to 2500 cells per mm 3 , 
preferably of 1000 to 2000 cells per mm 3 , is very suita- 
ble. 

[0013] The polypropylene foam of the inventive sheet- 30 
ing has a density of 0.1 to 0.7 gr/cm 3 , preferably of 0.25 
to 0.5 gr/cm 3 , even more preferably of 0.36 to 0.50 gr/ 
cm 3 . The sheeting has a thickness of 0.5 to 3 mm, pref- 
erably of 1 to 2 mm and even more preferably of 1 .2 to 
1.6 mm. 35 
[0014] If, depending on the density of the polypropyl- 
ene foam and on the thickness of the sheeting to be 
made, a polypropylene blend containing between 50 
and 100% of high melt strength polypropylene with a 
melt strength of ca. 24 cN is used, extrusion of a sheet- 40 
ing with the above mentioned characteristics is possible 
without problem. High melt strength polypropylene 
(polypropylene with long chain branching) is available 
on the market as homopolymer or as copolymer. 
[0015] The higher the melt strength of the polypropyl- 45 
ene blend (i.e. the higher its content of high melt strength 
polypropylene), the easier it is to produce good quality 
sheeting with the required cell numbers. However, be- 
cause a high percentage of high melt strength polypro- 
pylene is not only an economic drawback but also re- 50 
suits in containers with rather brittle walls, it is advanta- 
geous to lower the percentage of high melt strength Claims 
polypropylene as much as possible towards 50%, by 
adding other types of polypropylene (homo- or copoly- 
mers) thereby lowering the melt strength of the blend to 55 
as low as 1 5 cN, preferably to between 1 8 and 20 cN. 
[0016] A sheeting applicable in the thermoforming 
method according to the co-pending application for pro- 



ducing cups and trays for packaging and/or consuming 
food which cups and trays have a mechanical stability 
suitable for this purpose, preferably consists of or con- 
tains a polypropylene foam containing 60 to 90%, pref- 
erably 60 to 80% of high melt strength polypropylene. 
[0017] For producing by extrusion the sheeting con- 
sisting of or containing the polypropylene foam, a solid 
or gaseous blowing agent is added to the polymer blend 
in a known manner. Furthermore other known additives 
for improving the extrusion process may be added in 
known concentrations as well as e.g. pigments for color- 
ing the foam material. 

[0018] The cell number of an extruded foam material 
is notonlydependenton the composition of the extruded 
polymer and on the additives used but also on the ex- 
trusion parameters. Therefore, for producing a sheeting 
with a polypropylene foam of the composition given 
above and having a cell number within a predetermined 
range, the appropriate extrusion parameters are to be 
determined by experiment. 

Example: 



sheeting: 

polypropylene blend: 80% of high melt strength 
polypropylene, 20% of polypropylene copoly- 
mer 

additives: 1,1% blowing agent 
thickness of foam: 1 .4 mm 
density: 0.43 g/cm 3 
cell number: 1450 cells per mm 3 

thermoforming process with prestretching: 

width of cavity: 1 .2 mm 
sheet temperature: > 1 60°C 
expansion pressure: < 0.2 bar (absolute) 
forming time (prestretching, drawing and ex- 
pansion): 1 .8 sec 

container made from the sheeting: 
round cup: 

diameter of opening: 75 mm 
depth: 80 mm 
wall thickness: 1-1.2 mm 



Thermoformable sheeting which sheeting consists 
of a foamed propylene homopolymer or copolymer 
or contains at least one layer of such a foam and 
which sheeting is applicable for producing open 
containers by drawing or deep drawing the sheeting 
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and expanding under reduced pressure the gas 
trapped in the foam when the foam is in a thermo- 
formable state, characterized in that the foamed 
propylene homopolymer or copolymer contains be- 
tween 50 and 100% high melt strength propylene 
homopolymer or copolymer, has a density of 0.1 to 
0.7 g/cm 3 and a cell number of more than 300 cells 
per mm 3 . 

2. Thermoformable sheeting according to claim 1 , 
characterized in that the foam has a cell number 
of 800 to 2500 cells per mm 3 . 

3. Thermoformable sheeting according to claim 1 , 
characterized in that the foam has a cell number 
of 1 000 to 2000 cells per mm 3 . 

4. Thermoformable sheeting according to claim 1 , 
characterized in that the foamed propylene 
homopolymer or copolymer consists of 60 to 90% 
of high melt strength propylene homopolymer or co- 
polymer and at least one further propylene 
homopolymer or copolymer. 

5. Thermoformable sheeting according to claim 1 , 
characterized in that the foamed propylene 
homopolymer or copolymer consists of 60 to 80% 
of high melt strength propylene homopolymer or co- 
polymer and of at least one further propylene 
homopolymer or copolymer. 

6. Thermoformable sheeting according to claim 1 , 
characterized in that the foamed propylene 
homopolymer or copolymer has a density of 0.25 to 
0.5 gr/cm 3 . 

7. Thermoformable sheeting according to claim 1 , 
characterized in that the foamed propylene 
homopolymer or copolymer has a density of 0.36 to 
0.50 gr/cm 3 . 

8. Thermoformable sheeting according to claim 1, 
characterized in that the sheeting or the at least 
one foam layer has a thickness of between 0.5 and 
3 mm. 

9. Thermoformable sheeting according to claim 1, 
characterized in that the sheeting or the at least 
one foam layer has a thickness of between 1 to 2 
mm. 

10. Thermoformable sheeting according to claim 1, 
characterized in that the sheeting or the at least 
one foam layer has a thickness of between 1.2 to 
1 .6 mm. 

11. Thermoformable sheeting according to claim 1, 
characterized in that it has a thickness of 1 .4 mm 



and consists of a foamed propylene homopolymer 
or copolymer containing 80% of high melt strength 
propylene homopolymer or copolymer and has a 
density of 0.43 g/cm 3 and a cell number of 1450 
5 cells per mm 3 . 



Patentanspriiche 

10 1. Thermoformbares flachiges Material, welches aus 
einem geschaumten Polypropylen-Homopolymer 
oder -Copolymer besteht oder mindestens eine 
Schicht eines solchen Schaumes enthalt und wel- 
ches zur Herstellung von offenen Behaltern durch 

15 Ziehen oder Tiefziehen des flaehigen Materials und 
durch Expandieren des im Schaum gefangenen 
Gases unter reduziertem Druck und in einem ther- 
oformbaren Zustand des Schaumes, dadurch ge- 
kennzeichnet, daB das geschaumte Polypropylen- 

20 Homopolymer oder -Coplymer zwischen 50 und 
100% Polypropylen-Homopolymer oder -Copoly- 
mer hoher Schmelzstabilitat enthalt und dass es ei- 
ne Dichte von 0,1 bis 0,7 g/cm 3 und eine Zellenzahl 
von mehr als 300 Zellen pro mm 3 aufweist. 

25 

2. Thermoformbares flachiges Material nach An- 
spruch 1, dadurch gekennzeichnet, daB der 

Schaumstoff eine Zellenzahl von 800 bis 2500 Zel- 
len pro mm 3 aufweist. 

30 

3. Thermoformbares flachiges Material nach An- 
spruch 1, dadurch gekennzeichnet, daB der 

Schaumstoff eine Zellenzahl von 1 000 bis 2000 Zel- 
len pro mm 3 aufweist. 

35 

4. Thermoformbares flachiges Material nach An- 
spruch 1, dadurch gekennzeichnet, daB das ge- 
schaumte Polypropylen-Homopolymer oder -Copo- 
lymer zu 60 bis 90% aus Polypropylen-Homopoly- 

40 mer oder -Copolymer hoher Schmelzstabilitat und 
aus mindestens einem weiteren Propylen-Homopo- 
lymer oder -Copolymer besteht. 

5. Thermoformbares flachiges Material nach An- 
45 spruch 1, dadurch gekennzeichnet, daB das ge- 
schaumte Polypropylen-Homopolymer oder -Copo- 
lymer zu 60 bis 80% aus Propylen-Homopolymer 
oder -Copolymer hoher Schmelzstabilitat und aus 
mindestens einem weiteren Propylen-Homopoly- 

50 mer oder -Copolymer besteht. 

6. Thermoformbares flachiges Material nach An- 
spruch 1, dadurch gekennzeichnet, daB das ge- 
schaumte Polypropylen-Homopolymer oder -Copo- 

55 lymer eine Dichte von 0,25 bis 0,5 g/cm 3 aufweist. 

7. Thermoformbares flachiges Material nach An- 
spruch 1 , dadurch gekennzeichnet, daB das ge- 
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schaumte Polypropylen-Homopolymer oder -Copo- 
lymer eine Dichte von 0,36 bis 0,50 g/cm 3 aufweist. 

8. Thermoformbares flachiges Material nach An- 
spruch 1, dadurch gekennzeichnet, daB das fla- 
chige Material oder die mindestens eine Schaum- 
stoffschicht des flachigen Materials eine Dicke zwi- 
schen 0,5 und 3 mm aufweist. 

9. Thermoformbares flachiges Material nach An- 
spruch 1, dadurch gekennzeichnet, daB das fla- 
chige Material oder die mindestens eine Schaum- 
stoffschicht des flachigen Materials eine Dicke zwi- 
schen 1 und 2 mm aufweist. 

10. Thermoformbares flachiges Material nach An- 
spruch 1, dadurch gekennzeichnet, daB das fla- 
chige Material oder die mindestens eine Schaum- 
stoffschicht des flachigen Materials eine Dicke zwi- 
schen 1,2 und 1,6 mm aufweist. 

11. Thermoformbares flachiges Material nach An- 
spruch 1, dadurch gekennzeichnet, daB es eine 
Dicke von 1,4 mm aufweist und aus einem ge- 
schaumten Polypropylen-Homopolymer oder -Cop- 
olymer besteht, welches 80% Polypropylen-Homo- 
polymer oder -Copolymer hoher Schmelzstabilitat 
enthalt und eine Dichte von 0,34 g/mm 3 und eine 
Zellenzahl von 1450 Zellen pro mm 3 aufweist. 



Revendications 

1. Feuille thermoformable, laquelle feuille est consti- 
tute d'un homopolymere ou d'un copolymere du 
propylene expanse, ou contient au moins une cou- 
che d'une telle mousse, laquelle feuille peut etre uti- 
lisee pour produire des recipients ouverts, par em- 
boutissage ou emboutissage profond de la feuille, 
et dilatation sous pression reduite du gaz piege 
dans la mousse quand la mousse se trouve dans 
un etat thermoformable, caracterisee en ce que 
I'homopolymere ou le copolymere du propylene ex- 
panse contient de 50 a 100 % d'un homopolymere 
ou d'un copolymere du propylene a grande resis- 
tance mecanique a I'etat fondu, a une masse volu- 
mique de 0,1 a 0,7 g/cm 3 et un nombre d'alveoles 
superieur a 300 alveoles par mm 3 . 

2. Feuille thermoformable selon la revendication 1, 
caracterisee en ce que la mousse a un nombre d'al- 
veoles de 800 a 2500 alveoles par mm 3 . 

3. Feuille thermoformable selon la revendication 1, 
caracterisee en ce que la mousse a un nombre d'al- 
veoles de 1000 a 2000 alveoles par mm 3 . 

4. Feuille thermoformable selon la revendication 1, 



caracterisee en ce que I'homopolymere ou le copo- 
lymere du propylene expanse est constitue de 60 a 
90 % d'un homopolymere ou d'un copolymere du 
propylene a grande resistance mecanique a I'etat 
5 fondu, et au moins un autre homopolymere ou co- 
polymere du propylene. 

5. Feuille thermoformable selon la revendication 1, 
caracterisee en ce que I'homopolymere ou le copo- 

10 lymere du propylene expanse est constitue de 60 a 
80 % d'un homopolymere ou d'un copolymere du 
propylene a grande resistance mecanique a I'etat 
fondu, et au moins un autre homopolymere ou co- 
polymere du propylene. 

15 

6. Feuille thermoformable selon la revendication 1, 
caracterisee en ce que I'homopolymere ou le copo- 
lymere du propylene expanse a une masse volumi- 
que de 0,25 a 0,5 g/cm 3 . 

20 

7. Feuille thermoformable selon la revendication 1, 
caracterisee en ce que I'homopolymere ou le copo- 
lymere du propylene expanse a une masse volumi- 
que de 0,36 a 0,50 g/cm 3 . 

25 

8. Feuille thermoformable selon la revendication 1, 
caracterisee en ce que la feuille, ou au moins une 
couche de mousse, a une epaisseur comprise entre 
0,5 et 3 mm. 

30 

9. Feuille thermoformable selon la revendication 1, 
caracterisee en ce que la feuille, ou au moins une 
couche de mousse, a une epaisseur comprise entre 
1 et 2 mm. 

35 

10. Feuille thermoformable selon la revendication 1, 
caracterisee en ce que la feuille, ou au moins une 
couche de mousse, a une epaisseur comprise entre 
1,2 et 1,6 mm. 

40 

11. Feuille thermoformable selon la revendication 1, 
caracterisee en ce qu'elle a une epaisseur de 1,4 
mm et est constitute d'un homopolymere ou d'un 
copolymere du propylene expanse contenant 80 % 

45 d'un homopolymere ou d'un copolymere du propy- 
lene a grande resistance mecanique a I'etat fondu, 
et a une masse volumique de 0,43 g/cm 3 et un nom- 
bre d'alveoles de 1450 alveoles par mm 3 . 
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